Background {#Sec1}
==========

An estimated 60% of the world population is infected with intestinal parasites including amoebiasis and giardiasis \[[@CR1], [@CR2]\]. The incidence of the infections is 50% in developed countries as compared to the incidence rate of 95% in developing countries \[[@CR2], [@CR3]\]. The magnitude of intestinal parasitic infections is remarkably higher in tropical and subtropical regions including the sub-Saharan African countries where there are inadequate water supply and basic sanitation \[[@CR4], [@CR5]\]. The global burden of intestinal protozoan infections remained unacceptably high despite tremendous achievements in the prevention of communicable diseases. At present, there are approximately 50 million people living with *Entamoeba histolytica* worldwide, while another 3 million people are infected with *Giardia lamblia* \[[@CR6]\].

Amoebiasis is an infection caused by *Entamoeba histolytica,* or *E. histolytica, a* protozoan parasite that causes intestinal or extra-intestinal disease \[[@CR7]\]. Although it occurs worldwide, the prevalence of the infection is more common in the tropics and sub-tropics regions where there is poor sanitation \[[@CR4], [@CR8]\]. Invasive amoebiasis is commonly a disease of young people, and rare among children below five years of age \[[@CR9]\]. Amoebiasis is the third common cause of death from parasitic diseases with greater health impact on people who are living in developing countries. Globally, it is estimated approximately 50 million people endure insidious amoebic infection each year, resulting in 40--100 thousand annual deaths \[[@CR10]\].

Giardiasis is a protozoan infection and mainly affects the upper parts of the small intestine, usually affects children than adults \[[@CR7], [@CR11], [@CR12]\]. *Giardiasis* constitutes a substantial proportion of the 2.5 million annual deaths from diarrheal diseases \[[@CR13], [@CR14]\]. In Ethiopia, *giardia* infections that occur during childhood can lead to protein-energy malnutrition and micronutrient deficiency which can be the cause of poor cognitive development and poor educational performance \[[@CR8]\].

Like in other developing countries, there is a high prevalence of intestinal protozoan infections in Ethiopia, which could be due to a shortage of clean water, lack of sewage system and poor hygiene \[[@CR15]\]. In addition to other common intestinal protozoan parasites, *Giardia lamblia*, *E. histolytica*, and *cryptosporidium* infections are very common in Ethiopia \[[@CR16]\].

The magnitude of *E. histolytica/E. dispar* and *G. lamblia* were scarcely studied among university students in Ethiopia*.* However, a study conducted in Wollega University indicated that protozoan diseases remain the serious public health problems due to the low level of environmental sanitation and ignorance of simple health-promoting practices; Students' hostels are usually unhygienic and unkempt resulting in a high population of flies. The causative agent of intestinal protozoa infections is often transmitted through unhygienic habits including the direct transfer of ova or cysts to mouth, eating with unwashed hands, consuming contaminated food, and poor sanitary conditions \[[@CR17]\].

Several studies were conducted in different parts of the world to assess the prevalence of intestinal parasitic infections \[[@CR12], [@CR17]--[@CR20]\]. However, the majority of these studies were focused on preschool children and school children while there is a scarcity of evidence about the magnitude of intestinal protozoa infections among university students. Therefore, this study aimed at assessing the prevalence of feco-oral transmitted protozoan infections, specifically the prevalence and determinants of *E. histolytica/E. dispar* and *G. lamblia,* and associated factors among inter-university annual sports festival participant students. The finding of the study will be used by all public universities found in Ethiopian for planning infection control among universities.

Methods {#Sec2}
=======

Study design and setting {#Sec3}
------------------------

The cross-sectional study design was conducted among randomly selected higher education students who are attending the annual inter-university sport festival at Haramaya University in 2014. Haramaya University is one of Ethiopia's eldest universities and its recognized nationally and internationally for excellence in teaching-learning, research and community engagement. It is located 550 km far away from the capital, Addis Ababa. The Ethiopian inter-university sport competition is an annually conducted festival where students from all public universities in the country come together for sport competitions at a selected hosting university. Haramaya University hosted the 7th Public Universities' sport festival which was conducted from 8th -23rd of February, 2014 \[[@CR21]\].

Sample size and sampling technique {#Sec4}
----------------------------------

The sample size was determined by a single population proportion formula, \[n = (Z α/2)^2^ p (1-p) / d2\] \[[@CR22]\], by considering the following assumptions. In order to calculate the sample size the prevalence of intestinal protozoan infections 19.9% which is the finding of a study conducted among university students in Wollega University \[[@CR17]\], 95% confidence level, 5% margin of error (d = 0.05), and a design effect of 2 were used.

Accordingly, 488 students who are attending higher educational institutions were randomly selected and were included in the study. Multistage sampling technique was employed to identify the universities, colleges, the departments and the study years of the students. The sample was proportionally allocated for all respective universities based on the number of students coming from each university by considering their study year, the colleges and the departments of the student. Finally, the study participants were identified from the list of students by using a simple random sampling method.

Data collection {#Sec5}
---------------

The data were collected by using a pre-tested, structured and self-administered questionnaire. The questionnaire was developed by reviewing different literature (see Additional file [1](#MOESM1){ref-type="media"}). The questionnaire was developed in the English language after completing a comprehensive literature review. Participants were instructed to complete the questionnaire in a separate room of the Haramaya University higher health center (HUHC) and the stool samples were collected from every participant. The completed questionnaires were recollected and were checked for completeness by an assigned health worker who is working in the health center. For stool investigation, four laboratory technology professionals were recruited and received relevant training on the standard operating procedures and the study objectives.

Approximately 2 g of fresh stool sample was collected using a small and labeled plastic container. The stool samples were then examined at the laboratory of HUHC by using direct wet mount and formol-ether concentration techniques \[[@CR17], [@CR23]\]. The direct wet mount technique was chosen because it is relatively cheap, simple, and reliable. In addition, the time required for the procedure was relatively short and requires no sophisticated equipment's. The wet preparation by using normal saline and iodine solution was simultaneously performed to identify the presence of trophozoite and/or cyst forms.

Data processing and analysis {#Sec6}
----------------------------

The data were entered into Epi-info Version 6.04 and exported to SPSS version 20 statistical packages for analysis. Frequency tables, proportions, a means, and standard deviations were used to describe the variables. An odds ratio was used to determine the presence of an association between explanatory variables and intestinal protozoan infections among the students. The degree of association between dependent and independent variables were assessed using an odds ratio with a 95% confidence interval and *p*-value \< 0.05 was taken as a cutoff point to determine the presence of a statistically significant association. For adjustment, variables with *p*-value \< 0.2 in bivariate analysis were taken to multivariate analysis. Multivariate logistic regression analysis was employed to measure the relative importance and to control for potential confounders that might affect the effect size and direction of the association between variable.

Variables {#Sec7}
---------

The prevalence of intestinal protozoan infections (represented feco-orally transmitted pathogenic intestinal protozoal infections), is the dependent variable for this study. The independent variables of the study include socio-demographic variables, place of growth, parental educational status, years of study, student's pocket money, and field of study attended by the students.

Data quality management {#Sec8}
-----------------------

The questionnaire was pre-tested and the feedbacks were used to make modifications to the questionnaires. Members of field staff (the data collectors and two supervisors; one microbiologist to supervise laboratory investigation) were selected based on their experiences of data collection. Before the commencement of the data collection, the data collectors and the supervisors were trained over two days on the objectives of the study, the methods of data collection, and the study tools. Field practice (pre-test) was undertaken to check the applicability of the questionnaire on 5% of the sample size among Haramaya University students who did not participate in the study. The data were checked for its completeness each day by the supervisors and the principal investigators. Laboratory procedures were conducted following the standard operating procedures.

Results {#Sec9}
=======

Socio-demographic characteristics of the respondents {#Sec10}
----------------------------------------------------

From the total of 488 students participated in the study, 5 were excluded due to incomplete responses (making the response rate of 98.9%). The majority of the respondents, 77.8% were male with the mean age of 22 (ranged from 16 to 35) years. Almost all of the respondents, 94.4% were single whereas 65% of the respondents came from the rural areas. Regarding parental education, nearly half of the respondents (49.5%) have an uneducated father while the fathers of the remaining half had attended formal education (Table [1](#Tab1){ref-type="table"}). The average received pocket money was 347 Ethiopian Birr (ETB) (\~ 14 USD) per month. One hundred and seven (22.2%) of the respondents were year I (freshman) students and 8.9% of participants were from Haramaya University (Fig. [1](#Fig1){ref-type="fig"}).Table 1Socio-demographic characteristics of the respondents (*n* = 483), Haramaya University, Ethiopia, 2014VariablesFrequencyPercentSex Male37577.7 Female10822.3Ethnicity Amhara18838.9 Oromo13828.6 Tigrway6914.3 Gurage183.7 Others^a^7014.5Religion Orthodox29461.0 Protestant10020.7 Muslim6613.6 Catholic153.0 Others^b^81.7Marital status Single42788.4 Married275.6 In relationship296.0Residence Rural31465.1 Urban16934.9Paternal educational status Uneducated23849.5 Educated24450.5Year of study First year(freshmen)10722.2 Second year and above(seniors)37677.8Monthly received pocket money (ETB)  ≤ 34718538.3  \> 34729861.7Source of pocket money Family39581.8 Other sources^c^8818.2Field of study Natural science39882.4 Social science8517.6^a^Sidama, Somali, Wolaita, Kembata, Harari, Hadeya, Silite, Afara, Sinasha^b^Wakefeta (Indigenous Beliefs) \[[@CR5]\], Jehovas witness \[[@CR3]\]^c^Relatives, coast sharing payment (for non-café students), Pay (for students who were engaged in any income generating activities, charity organization (for students supported by charity organization)Fig. 1Distributions feco-oral transmitted pathogenic Protozoal infections by university, Ethiopia 2014

Prevalence of intestinal protozoan infections {#Sec11}
---------------------------------------------

Based on the analysis of one formalin-fixed stool sample per a student, 140 (28.9%) of the respondents harbored at least one infection with an intestinal protozoa species. The prevalence of *E. histolytica*/*E. dispar* among the respondents was 95(19.7%); 71(14.7%) cyst stage and 24(5%) trophozoite stage. Similarly, 45(9.3%) of the students were positive for *G. lamblia;* 20(4.1%) cyst and 25 (5.2%) its trophozoite (Table [2](#Tab2){ref-type="table"}). The magnitudes of infections were higher among males (19.5%) than females (9.4%).Table 2Result of stool examination for intestinal protozoa parasitic infections of participants (*n* = 483), Haramaya University, Ethiopia, 2014Intestinal prtozoan infectionsInfected, n (%)Not infected, n (%)*E. histolytica* */E. dispair*95(19.7)338(80.3) Cyst71(14.7)412(85.3) Trophozoite24(5.0)459(95.0)*G. lamblia*45(9.3)438(90.7) Cyst20(4.1)463(95.9) Trophozoite25(5.1)458(94.9)Overall positive for Protozoa infections140(28.9)343(70.1) Cyst91(18.8)392(81.2) Trophozoite49(10.1)434(89.9)

*Factors associated with* protozoa infections {#Sec12}
---------------------------------------------

The multivariate logistic regression analysis showed that gender, residence, paternal education, the study year, monthly income and marital status were significantly associated with protozoa infections. Female participants were less likely to be infected with protozoa infections compared to males (AOR = 0.48, 95% CI: 0.22, 0.97). Married students were more likely to have acquired protozoa infections than those who never married (AOR = 1.42, 95% CI: 1.10, 2.23). Students who came from the rural areas were about 1.82 times more likely to be infected with protozoa infections as compared to those who came from the urban (AOR = 1.82, 95% CI: 1.21, 3.32). Participants who attended year II and above were two times more likely to be infected as compared to year I (freshman) (AOR = 2.21, 95% CI: 1.48, 3.87). Students who have an educated father were less likely to have infections as compared to those who have uneducated fathers (AOR = 0.62, 95% CI: 0.12, 0.86). Study participants whose monthly received pocket money was \> 347 ETB (\~ 14 USD) were less likely to be infected with protozoa infections (AOR = 0.20, 95%CI:0.12, 0.74) (Table [3](#Tab3){ref-type="table"}).Table 3Factors associated with protozoa infections among respondents, Haramaya University, Ethiopia 2014VariablesProtozoa infectionsCOR (95%CI)AOR (95%CI)PositiveNegativeSex Male9827711 Female42660.55(0.12,0.86)0.48(0.22,0.97) \*Ethnicity Amhara5213611 Oromo371011.04(0.42,3.29)1.21(0.34,3.17) Tigrway18511.08(0.30,2.65)1.06(0.41,2.43) Gurage990.38(0.14,1.81)0.29(0.17,1.62) Others24460.73(0.22,1.86)0.64(0.24,1.62)Religion Orthodox961981 Protestant22781.71(0.60,3.47)1.56(0.48,3.18) Muslim16501.51(1.12,3.38)1.45(0.93,2.87) Catholic4111.33(0.78,4.81)1.42(0.65,4.72) Others261.48(0.10,2.96)1.39(0.45,3.24)Marital status Single13432211 Married6211.45(1.11,3.54)1.42(1.10,2.23) \*Residence Urban641051 Rural762381.90(1.24,3.45)1.82(1.21,3.32) \*Paternal educational status Uneducated6217611 Educated781660.75(0.32,0.94)0.62(0.12,0.86) \*Year of study First year48591 Second year and above922842.51(1.24,4.23)2.21(1.48,3.87) \*Monthly received pocket money (ETB)  ≤ 347221631  \> 3471181800.20(0.10,0.76)0.20(0.12,0.74) \*Source of pocket money Family1212741 Other sources19691.60(1.24,2.81)1.52(0.18,2.64)Field of study Natural science1132851 Social science27580.85(0.63,1.79)\*-indicates P-Value less than 0.05

Discussion {#Sec13}
==========

This study revealed that 140 (28.9%) of the students were infected with either *E. histolytica*/*E. dispar* or *G. lamblia*. Being a female, having an educated father and earning more than 347 ETB (\~USD 14) were found to be protective against protozoan infections. However, being a single, coming from a rural area and being a senior student were found to be risk factors for protozoan infections.

The magnitude of *E. histolytica*/*E. dispar* or *G. lamblia* in the current study was higher compared to a previous study conducted in Ethiopia; Wollega University, 19.9% \[[@CR17]\], Benishangul-Gumuz region, 26.6% \[[@CR24]\], Nigeria; Michael Okpara University, 9.3% \[[@CR25]\] and Akanu Ibiam Federal Polytechnic college, 21.2% \[[@CR26]\], and Tanzania, 20.5% \[[@CR27]\]. The reason for the high magnitude in this study may be attributed to poor personal hygiene due to a shortage of sanitary water supply in most parts of Ethiopia including universities \[[@CR28], [@CR29]\]. Moreover, poor food handling practices, consumption of contaminated food, poor sanitary conditions at the students' cafeteria \[[@CR17], [@CR30]\], and poor hand washing practice of the students \[[@CR31], [@CR32]\] may have contributed to the higher prevalence.

The findings of our study indicated that *E. histolytica/E. dispar* was more prevalent 95(19.7) than *G lamblia* which is 40 (9.3%) among the students. Consistent with our study finding, studies conducted in the Gamo Gofa zone of southern Ethiopia \[[@CR20]\] and in Saudi Arabia \[[@CR33]\] revealed that more study participants were infected with *E. histolytica/E. dispar* than *G. lamblia*. This might be explained by poor personal hygiene among cafeteria workers and serving inadequately washed vegetables \[[@CR30]\]. It may also be attributed to the nature of transmission of the infections and the infectiousness period \[[@CR7]\].

In the current study, a higher magnitude of feco-orally transmitted protozoan infections was observed among male students as compared to their female counterparts. Similar findings that support our results were reported from the study conducted at Wollega University \[[@CR17]\], where 12.6% male versus 7.4% female students were infected. The higher magnitude of infections among male is likely to be a reflection of different levels of hygienic behaviour between the genders \[[@CR31]\]. Inversely, the inconsistent finding was reported from the Ebonyi state, Nigeria, where 36.0% of female versus 18.3% male were infected \[[@CR25]\] and Tanzania, where 58.1% of females versus 42.3% of males \[[@CR27]\]. The higher prevalence of infections among males than females may be attributed to that males usually consumes unwashed fruits and vegetables or uncooked salads which may be contaminated with the protozoan cysts \[[@CR34], [@CR35]\].

The current study revealed that students who come from a rural area were at an increased a risk for the protozoan infections. Similar findings were reported from the study conducted in Wollega university which identified students from rural areas acquire more infection than students from urban areas \[[@CR17]\]. A consistent finding was also reported from the study conducted in Nigeria where rural dwellers were more prone to protozoan infections \[[@CR19]\]. This might be explained by the difference in the lifestyles of urban and rural residents. Moreover, students from rural areas might be engaged in farming activities and usually use water from unprotected wells or rivers which are more likely to be contaminated \[[@CR3], [@CR36]\].

Limitations {#Sec14}
-----------

This study may not indicate the causal relationship among variables because we employed a cross-sectional study design, which cannot establish a casual effect. The study included information about students who participated in the sport festival and may not be generalized to the general university students. The paucity of literature on the feco-oral transmitted protozoan infections among university students to compare our findings was another important limitation.

Conclusion {#Sec15}
==========

Prevalence of intestinal protozoan infection among students was very high. This high prevalence indicated that much work related to sanitation and hygiene has to be done to prevent intestinal protozoa infections and improve the health of the students. Universities should strengthen health promotions and educations on personal and environmental hygiene in order to improve sanitation for university students. Since protozoan infection can be acquired through feco-oral contact with contaminated food and drink, sanitation of students' cafeteria, food handlers, the foodstuff, and the water should be taken into consideration to reduce food-and water-borne protozoan infections.

Additional file
===============

 {#Sec16}

Additional file 1:The questionnaire. The questionnaire used to assess Prevalence of feco-oral transmitted protozoan infections and associated factors among university students in Ethiopia: A Cross-Sectional Study. (DOCX 27 kb)
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